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Sweden; 10University of Turin, Turin, Italy; 11Centro per lo Studio et la Prevenzione Oncologica, Florence, Italy;
12University of Southern California, Los Angeles, USA; 13Fred Hutchinson Cancer Research Center, Seattle, USA;
14Vanderbilt University, Nashville, USA; 15International Agency for Research on Cancer, Lyon, France

Received 28 February 2001; revised version accepted 21 October 2001

Key words: adenocarcinoma, asbestos, case-control studies, formaldehyde, occupational exposures, sinonasal
cancer, squamous cell carcinoma, textile dust.

Abstract

Objective: In order to examine the associations between sinonasal cancer and occupational exposures other than
wood dust and leather dust, the data from 12 case–control studies conducted in seven countries were pooled and
reanalyzed.
Methods: The pooled data set included 195 adenocarcinoma cases (169 men and 26 women), 432 squamous cell
carcinomas (330 men and 102 women), and 3136 controls (2349 men and 787 women). Occupational exposures to
formaldehyde, silica dust, textile dust, coal dust, flour dust, asbestos, and man-made vitreous fibers were assessed
with a job-exposure matrix. Odds ratios (ORs) were adjusted for age, study, wood dust, and leather dust, or other
occupational exposures when relevant. 95% confidence intervals (CIs) were estimated by unconditional logistic
regression.
Results: A significantly increased risk of adenocarcinoma was associated with exposure to formaldehyde. The ORs
for the highest level of exposure were 3.0 (CI¼ 1.5–5.7) among men and 6.2 (CI¼ 2.0–19.7) among women. An
elevated risk of squamous cell carcinoma was observed among men (OR¼ 2.5, CI¼ 0.6–10.1) and women
(OR¼ 3.5, CI¼ 1.2–10.5) with a high probability of exposure to formaldehyde. Exposure to textile dust was
associated with non-significantly elevated risk of adenocarcinoma, among women only: the OR for the high level of
cumulative exposure was 2.5 (CI¼ 0.7–9.0). High level of asbestos exposure was associated with a significantly
increased risk of squamous cell carcinoma among men (OR¼ 1.6, CI¼ 1.1–2.3).
Conclusions: The results of this pooled analysis support the hypothesis that occupational exposure to formaldehyde
increases the risk of sinonasal cancer, particularly of adenocarcinoma. They also indicate an elevated risk of
adenocarcinoma among women exposed to textile dust, and suggest that exposure to asbestos may increase the risk
of squamous cell carcinoma.

Introduction

Sinonasal cancer has often been related to occupational
exposures. The association between exposure to wood
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dust and sinonasal adenocarcinoma is well documented
[1]. Exposure to leather dust or employment in leather-
related occupations has also been associated with
sinonasal cancer, particularly adenocarcinoma, in sev-
eral studies [2–9]. Elevated risks were observed in a
number of other occupations and industries, including
textile workers [3, 7, 8, 10–14], farm workers [3, 13, 15],
construction workers [8, 13, 16], metal industry [3, 7,
11], workers exposed to chromium and nickel com-
pounds [17], and to formaldehyde [18, 19]. The available
results, however, are partially conflicting. Sinonasal
cancer is a rare disease, with annual incidence rates
around 1 per 100,000 in most countries [20], and cohort
studies lack statistical power to identify excess risks.
Case–control studies with complete information on
occupational history included a relatively small number
of cases, which precludes examining associations with
specific jobs or substances. The number of cases were
generally less than 100, and the largest published studies
included about 200 cases [21]. Furthermore, the use of
different classification systems for occupations, different
definitions of exposure, and confounders, makes it
difficult to summarize and interpret the findings from
the different studies.
In order to improve knowledge on occupational risk

factors of sinonasal cancer, a pooled analysis of 12 case–
control studies on sinonasal cancer was carried out.
Previous analyses from the same pooled data set
examined associations with wood-dust exposure [22]
and with various occupations [15]. An analysis restricted
to European studies estimated attributable risks for
occupation and smoking [23]. This article focuses on
exposure to formaldehyde, silica, textile dust, coal dust,
flour dust, asbestos, and man-made vitreous fibers
(MMVF).

Material and methods

Studies

The pooled data set included 12 case–control studies
from seven countries. The studies were selected on the
basis of availability of information on histologic type,
age, sex, smoking, and occupational histories. The
studies differed according to the source of cases and
controls, the method of interview, and the vital status of
subjects. A more detailed description of the studies and
of the inclusion criteria has been published elsewhere
[15, 22, 24]. The main characteristics of the 12 studies
are summarized in Table 1. On the whole the pooled
data set consisted of 930 cases (680 men, 250 women),
including 432 squamous cell carcinomas (330 men, 102

women) and 195 adenocarcinomas (169 men, 26 wom-
en), and 3136 controls (2349 men, 787 women). Cases
were diagnosed between 1968 and 1990.

Exposure assessment

Detailed information on occupational history was col-
lected in all studies, including the job title and years of
employment for each job held. Job titles and industries
were coded using the International Standard Classifica-
tion of Occupations (ISCO) and the International
Standard Industrial Classification (ISIC). For four
studies (Biella, Vigevano, Germany, France) these codes
were used by the original investigators; for four other
studies (Siena, Brescia, the Netherlands, Virginia),
coding was performed from the questionnaires by native
speakers, while for the remaining four studies (Los
Angeles, Seattle, Shanghai, Sweden) a central recoding
was performed to convert the coding system originally
used into ISCO/ISIC codes.
The following occupational exposures were assessed:

wood dust, leather dust, formaldehyde, textile dust,
flour dust, coal dust, crystalline silica, asbestos, and four
types of MMVF: mineral wools (including glass wool,
rock wool, and slag wool), continuous filaments, refrac-
tory ceramic fibers, and microfibers.
Exposures were assessed through a job-exposure

matrix (JEM), developed specifically for this pooled
analysis by four of the authors (P.A.D for wood and
leather dust, E.O. for asbestos and MMVF, D.B. and
M.G. for the other substances). The same criteria were
adopted for all substances. Each unique combination of
occupation and industry codes was assessed without
knowledge of the disease status of the individual(s) who
had held that job. Industrial hygiene data were used to
determine semi-quantitative indices of exposure. The
basis for exposure assessment was the situation in
Western countries in the 1970s, but calendar periods
were taken into account whenever possible (for all
substances except for wood and leather dust). For each
occupation/industry combination and for each sub-
stance, the JEM gives the probability of exposure (i.e.
the proportion of exposed workers for this combina-
tion), and the level of exposure. Since the amount and
quality of available industrial hygiene data varied
according to the substance, different cut-off points were
used for the categories of level and probability. For
most of the substances the level of exposure was defined
as an 8-h time-weighted-average (TWA) concentration.
For asbestos and MMVF the concentration and the
frequency of exposure (proportion of working time
during which exposure occurred) were assessed sepa-
rately. A level of exposure corresponding to an 8-h
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TWA was calculated by multiplying concentration by
frequency. For each substance the cut-off points for the
categories of exposure indices and the quantitative
values assigned to each category are presented in
Table 2. When the probability of exposure was less
than 10% (for wood dust and leather dust) or less than
1% (for the other substances), the job was considered as
unexposed. For leather dust, because of the scarcity of
data, it was not possible to make quantitative estimates
corresponding to the level categories.

Several exposure variables were used to summarize the
lifetime occupational exposure: the cumulative exposure
(calculated as the sum of the job-specific products of
probability, level and duration of exposure over the total
work history), the total duration of exposure, the
maximum probability of exposure, and the maximum
exposure level during the working life. This article
focuses on the results based on cumulative exposure,
although results concerning other exposure variables are
presented when they give additional information.

Table 2. Categories for level and probability of exposure defined in the JEM for the studied substances and assigned values, pooled analysis of 12

case–control studies of sinonasal cancer

Probability of exposure Level of exposure

Cut-points (%) Assigned value Cut-pointsa Assigned value

Leather dust 10–50 0.3 Low 1

50–90 0.7 Medium 2

>90 1 High 3

Wood dust 10–50 0.3 <1 0.5

50–90 0.7 1–5 3

>90 1 >5 9

Formaldehyde 1–10 0.05 <0.25 0.15

10–50 0.3 0.25–1 0.65

50–90 0.7 >1 3

>90 1

Flour dust 1–10 0.05 <0.5 0.25

10–90 0.5 0.5–5 3

>90 1 >5 10

Coal dust 1–10 0.05 <0.3 0.15

10–90 0.5 0.3�2 1.2

>90 1 >2 5

Silica dustb 1–10 0.05 <0.01 0.005

10–90 0.5 0.01–0.1 0.05

>90 1 >0.1 0.2

Textile dust 1–10 0.05 <0.05 0.025

10–90 0.5 0.05–0.5 0.25

>90 1 >0.5 1.5

Concentrationc Frequencyd

Cut-points Assigned value Cut-points (%) Assigned value

Asbestos, mineral wools, 1–10 0.05 <0.1 0.05 <5 0.02

continuous filaments and 10–50 0.3 0.1–1 0.5 5–30 0.2

ceramic fibers 50–90 0.7 1–10 5 30–70 0.5

>90 1 >10 50 >70 0.8

Microfibers same as asbestos Not evaluated

a In ppm for formaldehyde, in mg/m3 for wood dust, flour dust, coal dust, silica dust, and textile dust; no quantitative estimates for leather dust

(see text).
b Respirable dust.
c Concentration in fibers/ml.
d Proportion of working time with exposure.
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Since exposure to formaldehyde and textile dust had
been originally assessed in some of the 12 studies on a
case-by-case basis, additional analyses were performed
for these substances. The original exposure data of three
studies for formaldehyde (France, the Netherlands, and
Seattle) and four studies for textile dust (Shanghai,
Virginia, Biella, and France) were combined and ana-
lyzed. For formaldehyde, the probability and level of
exposure had been assessed in the three studies by
industrial hygienists. The assignment was mainly based
on job title in two of the studies (the Netherlands and
Seattle). In the French study information from a specific
questionnaire was also available. Three categories of
exposure, comparable between the three studies, could
be constructed: unexposed, possible exposure or proba-
ble exposure to low level, probable exposure to moderate
or high level. For textile dust the level of exposure could
not be studied, and only a dichotomous variable (ex-
posed/unexposed) was used for the pooled analysis of the
four studies. In addition, exposure to three types of
textile fibers (cotton, wool, synthetics) could be assessed.

Statistical analysis

Odds ratios (ORs) and 95% confidence intervals (CIs)
associated with exposure to formaldehyde, silica, textile
dust, coal dust, flour dust, asbestos, and MMVF were
estimated using unconditional logistic regression. The
cumulative exposure for each substance was categorized
into four classes (unexposed and three levels according
to the tertiles of the distribution among controls).
Exposure categories were collapsed when the number
of subjects was too small.
All ORs were adjusted for age (£55, 56–65, >65) and

study, and were calculated separately for men and
women. Distinct analyses were performed for squamous
cell carcinomas and adenocarcinomas. Other histologic
types were not studied, because the classifications used
were not comparable between studies.
Potential confounding factors were examined and

included in the models if their inclusion changed the OR
by more than 10%. Preliminary analyses showed that,
although smoking was related to squamous cell carci-
nomas, adjustment for smoking changed the results only
marginally. Therefore smoking was not included into
logistic models.
For adenocarcinomas, among men, ORs were sys-

tematically adjusted for cumulative exposure to wood
dust and leather dust. Some analyses were also restricted
to adenocarcinoma cases and controls who had never
been exposed to wood or leather dust.
Exposure lagging by 10 and 20 years was used to

allow for an induction-latency period.

Heterogeneity across studies was tested by comparing
logistic models with and without interaction terms
between occupational exposures and studies. Study-
specific ORs were examined for consistency with the
pooled results. To estimate the influence of individual
studies, pooled ORs were also computed successively
excluding each study from the analysis. The SAS system
and the BMDP software were used for data processing.

Results

Table 3 shows the ORs by gender and histologic type,
associated with each of the 10 occupational exposures.
A significantly increased risk of squamous cell carcino-
ma was associated with a high level of asbestos exposure
among men. Significant excess risks of sinonasal ade-
nocarcinoma were observed among men and women
exposed to formaldehyde, among men exposed to
ceramic fibers, and among women exposed to silica,
textile dust, and continuous filaments.
When a 10- or 20-year induction period was taken

into account, the ORs were generally slightly increased,
but the results were not substantially modified. The only
notable change was observed for the risk of squamous
cell carcinoma associated with exposure to flour dust,
among men: after lagging exposure by 20 years the ORs
for low, medium, and high cumulative levels were
respectively 1.2 (0.4–3.2), 1.3 (0.6–2.9), and 1.7 (0.7–
4.2). The main findings in Table 3 were further inves-
tigated.

Formaldehyde

Cumulative exposure to formaldehyde was associated
with a significantly increased risk of adenocarcinoma, in
both sexes, and also increased slightly and non-signif-
icantly the risk of squamous cell carcinoma (Table 3). A
non-significantly elevated risk of squamous cell carci-
noma was also associated with a high probability of
exposure to formaldehyde. Among men the OR associ-
ated with a definite exposure (probability > 90%) was
2.5 (CI¼ 0.6–10.1). Among women no case or control
had been definitely exposed to formaldehyde, but a
significant three-fold increase in risk was associated with
a probability of exposure greater then 50% (OR¼ 3.5,
CI¼ 1.2–10.5). Among men the risk of squamous cell
carcinoma was also increased after 30 years or more of
exposure to formaldehyde (OR¼ 1.4, CI¼ 0.9–2.3).
All exposure variables (probability, maximum level,

and duration) were associated with the risk of adeno-
carcinoma. However, exposure to formaldehyde was
related to exposure to wood dust, a strong risk factor for
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adenocarcinoma. As a check for residual confounding,
analyses on formaldehyde among men were also adjust-
ed for wood dust exposure by introducing into logistic
models the cumulative level of wood dust in five

categories, the cumulative level of wood dust as a
continuous variable, and the highest lifetime level of
wood dust exposure. The results were not markedly
changed. Among women the OR for formaldehyde

Table 3. Odds ratios of sinonasal cancer risk for cumulative exposure to occupational agents, by histologic type, and sex; pooled analysis of 12

case–control studies of sinonasal cancer

No. of Men No. of Women

controls
Squamous cell

carcinoma

Adenocarcinoma
controls

Squamous cell

carcinoma

Adenocarcinoma

No. ORa 95% CI No. ORb 95% CI No. ORa 95% CI No. ORa 95% CI

Formaldehyde

Low 265 43 1.2 0.8–1.8 6 0.7 0.3–1.9 96 6 0.6 0.2–1.4 2 0.9 0.2–4.1

Medium 266 40 1.1 0.8–1.6 31 2.4 1.3–4.5 53 7 1.3 0.6–3.2 0 –

High 211 30 1.2 0.8–1.8 91 3.0 1.5–5.7 25 6 1.5 0.6–3.8 5 6.2 2.0–19.7

Flour

Low 31 9 2.2 1.0–4.8 0 – 65 9 0.5 0.2–1.3 2

Medium 39 9 1.5 0.7–3.1 0

9>=
>; 0.7 0.2–3.2 19 0 – 1

9>=
>; 0.7 0.2–2.8

High 31 6 1.4 0.6–3.4 2 2 0 – 0 –

Coal

Low 42 8 1.4 0.6–3.1 2 2 0 – 0 –

Medium 51 6 1.0 0.4–2.5 1

9>=
>; 0.6 0.2–1.8 0 0 – 0 –

High 60 11 1.1 0.6–2.2 1 0 0 – 0 –

Silica

Low 304 49 1.1 0.8–1.5 16 1.0 0.5–1.9 57 6 0.9 0.4–2.3 2 1.5 0.3–6.8

Medium 272 46 1.1 0.8–1.6 4 0.4 0.1–1.1 36 13 1.9 0.9–3.9 3 1.5 0.4–5.7

High 304 32 0.8 0.6–1.3 7 0.4 0.2–1.0 5 0 – 2 17.0 2.6–112

Textile

Low 74 11 1.1 0.5–2.1 7 1.6 0.6–4.2 49 8 1.2 0.5–2.8 2 1.7 0.4–7.9

Medium 50 8 1.1 0.5–2.4 5 0.7 0.2–2.9 45 8 1.0 0.5–2.4 5 3.5 1.2–10.7

High 45 8 1.3 0.6–2.9 0 – 61 6 0.8 0.3–2.0 4 2.5 0.7–9.0

Asbestosc

Low 351 49 1.2 0.8–1.8 17 1.4 0.6–3.2 109 11 1.1 0.5–2.3 2

Medium 379 46 1.0 0.7–1.5 43 1.2 0.6–2.4 49 5 0.9 0.4–2.5 1

9>=
>; 1.1 0.4–3.4

High 437 75 1.6 1.1–2.3 31 1.1 0.5–2.3 24 4 1.4 0.5–4.5 1

Mineral woolsd

Low 177 14 0.5 0.3–0.9 22 1.6 0.7–3.5 18 1 1

Medium 147 25 1.1 0.6–1.7 31 1.1 0.5–2.6 13 1 0.4 0.1–2.0 0

9>=
>; 2.3 0.5–11.2

High 176 21 0.6 0.4–1.1 15 1.1 0.4–2.6 4 0 – 1

Continuous filaments

Low 33 3 0.6 0.2–2.1 1 7 2 2

Medium 21 4 1.5 0.5–4.5 0

9>=
>; 0.1 0.0–1.3 11 0

9>=
>; 0.8 0.2–3.5 0

9>=
>; 6.6 1.6–27.2

High 30 2 0.7 0.2–3.2 0 1 0 – 1

Ceramic fibres

Low 17 3 1.4 0.4–5.3 5 13.6 3.5–53.7 4 0 – 1

Medium 25 0 – 2 3.5 0.7–18.5 1 0 – 0

9>=
>; 7.1 0.7–79.0

High 23 2 0.8 0.2–3.7 1 0.9 0.1–12.6 1 0 – 0 –

Microfibres

Exposed 35 3 1.0 0.3–3.4 1 1.6 0.2–13.5 5 0 – 1 9.1 0.7–113

a ORs adjusted for age and study.
b ORs adjusted for age, study, cumulative exposure to wood dust and leather dust.
c ORs also adjusted for cumulative exposure to mineral wools among men.
d ORs also adjusted for cumulative exposure to asbestos among men.
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exposure decreased only slightly (OR¼ 5.8, CI¼ 1.7–
19.4) when adjusted for wood dust exposure (ever/
never).
Among men the test of heterogeneity between studies

for adenocarcinoma and formaldehyde was significant
(p < 0.01) and study-specific results were examined.
Among men the crude ORs associated with formalde-
hyde exposure varied considerably, but were above 1 in
9 of the 12 studies (from 1.6 to 54.7). Crude ORs are,
however, not meaningful, since other exposures, partic-
ularly wood dust, must be taken into account, and the
number of cases was in most studies too small to provide
adjusted estimates. ORs adjusted for age, study, wood
dust, and leather dust exposure were then estimated
excluding each study from the analysis consecutively.
No important variation was noted: the OR for the
highest level of cumulative exposure varied between 2.4
(without Virginia) and 3.2 (without Brescia).
Consistency between studies was difficult to examine

among women, given the small number of adenocarci-
noma cases in each individual study. There was no
statistical evidence of heterogeneity between studies
(p¼ 0.39). Exposed cases were observed in four studies,
with elevated ORs in three of these (Biella, France,
Siena). An OR of 0.8 was observed in the Virginia study
(two exposed cases, 24 exposed controls).
Analyses restricted to subjects who had never been

exposed to wood or leather dust were also performed
(Table 4), even if the small number of cases led to
relatively large CIs. Among men the risk of adenocar-
cinoma increased with the level of exposure to formal-
dehyde, although the ORs were not statistically

significant. A significantly elevated risk was observed
among women exposed to the highest level of cumula-
tive exposure.
The distribution of adenocarcinoma cases and control

according to exposure to wood dust and formaldehyde
is given in Table 5. Only 11 cases exposed to formalde-
hyde had never been exposed to wood dust. More cases
than controls had been exposed to formaldehyde in each
category of wood dust exposure. By combining exposure
categories it was possible to estimate the ORs associated
with exposure to formaldehyde for two levels of wood
dust exposure. A non-significantly elevated risk, increas-
ing with the level of exposure to formaldehyde, was
observed among those with no or low exposure to wood
dust. Higher and significant ORs were observed among
those with a moderate or high level of exposure to wood
dust. To assess the impact of each study on these results,
the joint distribution of exposure to formaldehyde and
wood dust was examined after excluding consecutively
each individual study. Exclusion of the French study
made the largest difference, but a similar pattern was
observed: the ORs for the moderate and high level of
exposure to formaldehyde for those with no or low
exposure to wood dust were respectively 1.2 (CI¼ 0.4–
3.1) and 2.5 (CI¼ 0.9–7.0). The corresponding ORs for
moderate or high level of exposure to wood dust were
8.3 (CI¼ 2.0–34.0) and 10.2 (CI¼ 3.0–35.3). Exclusion
of the other studies entailed smaller variations.
When the original data of the three studies with an

assessment of exposure to formaldehyde were used, for
squamous cell carcinoma, no association with exposure
to formaldehyde was found. Among men the OR for a

Table 4. Odds ratios of sinonasal adenocarcinoma for cumulative exposure to formaldehyde, among subjects never exposed to wood or leather

dust; pooled analysis of 12 case–control studies of sinonasal cancer

Formadehyde Men Women

No. of controls No. of cases OR 95% CI No. of controls No. of cases OR 95% CI

Low 181 1 0.3 0.0–2.3 84 1 0.5 0.1–3.9

Medium 135 4 1.4 0.5–4.3 49 0 0 –

High 71 3 1.9 0.5–6.7 20 5 11.1 3.2–38.0

Table 5. Odds-ratios of sinonasal adenocarcinoma among men for cumulative exposure to formaldehyde, by maximum exposure to wood dust;

pooled analysis of 12 case–control studies of sinonasal cancer

Formaldehyde

exposure

Controls: wood dust exposure Adenocarcinoma cases: wood dust

exposure

OR (95% CI): wood dust exposure

No Low Medium High No Low Medium High No or Low Medium or high

No 1355 45 162 9 38 0 1 0
�
1 (ref.)

�
1 (ref.)

Low 190 23 40 12 1 0 1 4

Medium 139 13 100 14 6 0 6 19 1.3 (0.5–3.3) 7.7 (2.6–22.8)

High 74 1 92 44 4 1 7 79 2.2 (0.8–6.3) 17.0 (6.3–45.6)
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probable exposure to formaldehyde at medium or high
level was 1.3 (CI¼ 0.7–2.7). The OR for women ever
exposed to formaldehyde, estimated from the two
studies with female cases (France and Seattle) was 0.7
(CI¼ 0.2–2.0).
For adenocarcinomas only two studies (France and

the Netherlands) could be combined, since only one
adenocarcinoma case was included in the Seattle study.
The results (Table 6) are consistent with the results of
the pooled analysis of the 12 studies using the JEM-
based exposure data. Exposure to formaldehyde was
associated with elevated risks, for the two levels of wood
dust exposure, with higher ORs observed among those
exposed to wood dust. Similar results were found in
each of the two studies.

Textile dust

The risk of nasal adenocarcinoma was associated with
cumulative exposure to textile dust among women only
(Table 3). No association with level, probability, or
duration of exposure to textile dust was found among
men for both histologic types, and among women for
squamous cell carcinoma. Among women elevated risks
of adenocarcinoma were observed in all categories of
probability and duration of exposure, without any clear
dose–response relation. Examination of the maximum
level of exposure showed that few subjects had been
exposed to high levels of textile dust. Among women no
case and nine controls had a maximum level greater
than 0.5 mg/m3. Among men three squamous cell
carcinomas and nine controls were exposed to more
than 0.5 mg/m3, yielding a significant OR of 6.6
(CI¼ 1.4–31.8).
The results concerning the increased risk of adeno-

carcinoma among women were relatively homogeneous
across studies (test for heterogeneity: p¼ 0.79). Elevated
ORs were observed in the four studies that included
more than one case (China, France, Siena, Virginia),
and the only case from the Biella study was exposed.

Successive exclusion of each study from the analysis did
not entail important variations.
When the data of the four studies with a case-by-case

evaluation of exposure to textile dust were combined, no
association was found between exposure to textile dust
and risk of sinonasal cancer among men. Among women
non-significant elevated risks were observed for both
histologic types, but the OR was higher for adenocarci-
noma (OR¼ 2.3, CI¼ 0.8–6.3) than for squamous cell
carcinoma (OR¼ 1.5, CI¼ 0.8–2.9). Exposures to cot-
ton, wool, and synthetics fibers were also examined, but
no specific effect of any textile fiber was found.

Asbestos and MMVF

Cumulative exposure to asbestos was associated with an
increased risk of squamous cell carcinoma among men.
The risk of adenocarcinoma was also non-significantly
elevated, but the highest OR was observed for the lowest
level of exposure (Table 3).
Men definitely exposed to asbestos (probability >

90%) had an elevated risk of squamous cell carcinoma
(OR¼ 1.9, CI¼ 0.9–3.9), while for adenocarcinoma the
highest OR was observed among men with the lowest
probability of exposure (OR¼ 2.3, CI¼ 1.5–3.5), with
ORs decreasing with increasing probability.
Although the test of heterogeneity between studies

was borderline significant (p¼ 0.08), examination of
study-specific results for asbestos and squamous cell
carcinoma among men did not reveal important dis-
crepancies. The ORs associated with a high level of
cumulative exposure to asbestos were above one in nine
studies and varied from 1.4 to 7.2. In three studies
(Brescia, Germany, and Los Angeles) no association was
found. Exclusion of each study from the analysis
changed the results only slightly: the ORs for the high
level of exposure to asbestos varied from 1.3 (without
China) to 1.4 (without Los Angeles).
Exposure to mineral wools was not associated with

sinonasal cancer. A significant excess risk of adenocar-

Table 6. Odds ratios of adenocarcinoma among men for exposure to formaldehyde, by exposure to wood dust, in two studies (France and the

Netherlands) using the original case-by-case evaluation of exposure

Formaldehyde exposure Wood dust exposure

No, possible or low Probable to medium or high level

Cases Controls OR 95% CI Cases Controls OR 95% CI

No 5 314 1 ref. 6 10 1 ref.

Possible or low 4 137 2.0 0.5–7.5 37 27 3.6 1.1–11.9

Probable to medium or

high level

1 12 5.0 0.5–48.0 52 15 9.8 2.7–34.8
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cinoma was observed among men exposed to a low level
of ceramic fibers, but the ORs decreased with the level of
cumulative exposure. Among women a significantly
increased risk of adenocarcinoma, although based on
only three exposed cases, was associated with exposure
to continuous filaments. No other significant association
was observed between exposure to any type of MMVF
and either histologic type.

Silica

Exposure to silica was not associated with nasal cancer
among men. Among women a significantly elevated risk
of adenocarcinoma was found for the highest level of
cumulative exposure, but this result is based on only two
exposed cases. A slightly increased risk of squamous cell
carcinoma was also observed for a moderate level of
cumulative silica exposure, but no case was exposed to
the highest level (Table 3).
Adjustment for other occupational exposures, includ-

ing wood dust, asbestos, and MMVF, did not change the
results. There was some indication of a dose–response
relationship for adenocarcinoma, since significantly ele-
vated ORs were associated with a high cumulative level
(Table 3), a high probability (OR¼ 25.1, CI¼ 3.1–202)
and a high maximum level of exposure (OR¼ 116,
CI¼ 3.5–385). However, these associations were based
on very small numbers, and OR estimates are very
imprecise. Most women were exposed to low levels of
silica dust, with a low probability. Only three controls and
two adenocarcinoma cases were definitely exposed to
silica, among them one control and one adenocarcinoma
had amaximum level of exposure greater than 0.1 mg/m3.

Discussion

This pooled analysis was based on a very large dataset
for a rare disease such as sinonasal cancer. This
increased the power to identify risk factors or to confirm
previously suggested associations, and separate analyses
by histologic type could be performed. Furthermore, the
recoding of occupational histories and the development
and use of a JEM allowed us to assess exposure to
several substances which were not evaluated in the
individual studies.
The pooled analysis suggests that formaldehyde

exposure increased the risk of sinonasal adenocarcino-
ma. There were also some indications of an association
with squamous cell carcinoma. Formaldehyde is carcin-
ogenic to animals, and rats exposed by inhalation
develop tumors of the nasal cavities. There is also some
evidence that occupational exposure to formaldehyde

may cause damage in the nasal mucosa [1]. Epidemio-
logic studies, however, have produced conflicting re-
sults. A number of cohort studies of workers exposed to
formaldehyde without concomitant exposure to wood
dust (i.e., professionals such as embalmers and pathol-
ogists as well as industrial workers, in particular in the
chemical industry) did not suggest an increased mortal-
ity from sinonasal cancer (see ref. 1 for review). It
should be stressed, however, that most of these studies
were conducted in countries from North America and
northern Europe with low background incidence of the
neoplasm, resulting in low power to detect a moderate
increase in risk. Five case–control studies [18, 19, 25–27],
three of them included in this pooled analysis [18, 25,
26], examined the association between formaldehyde
exposure and sinonasal cancer. A study in Denmark
found non-significant elevated risks for both histologic
types, with a higher risk for squamous cell carcinomas
[19]. A slightly and non-significant elevated risk of
sinonasal cancer of all histologic types was observed in a
study in the USA [27]. Among the three studies included
in the pooled analysis, two originally reported no
association between formaldehyde exposure and squa-
mous cell carcinoma [25, 26], and one found a significant
association [18]. In the pooled analysis, for squamous
cell carcinoma, no clear relation with cumulative level
was noted but elevated risks were observed among men
and women probably exposed to formaldehyde. In the
studies which examined the risk of adenocarcinoma
associated with formaldehyde exposure [18, 19, 26],
because of the very strong association between exposure
to wood dust and sinonasal adenocarcinoma, it was
nearly impossible to assess an independent effect of
formaldehyde exposure, since almost all cases exposed
to formaldehyde were also exposed to wood dust. This
problem was not completely solved in the pooled
analysis, since only 18 cases (11 men and seven women)
were exposed to formaldehyde and not to wood dust.
Residual confounding by wood dust exposure may then
not be ruled out. However, several elements add some
support to the hypothesis that formaldehyde exposure
has an independent effect. A significantly elevated risk
was found among women, for whom the problem of
confounding by wood dust is minor. Excess risk among
men not exposed to wood dust was also suggested,
although the results were not statistically significant.
The risk associated with formaldehyde exposure seems
to be higher among those exposed to wood dust. A
similar finding has been previously reported in the study
from Olsen and Asnaes [19] (not included in the pooled
analysis) and in the French study [26]. Since about half
of the adenocarcinoma cases came from the French
study, it could be anticipated that the results of the
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pooled analysis are relatively close to those of the latter.
However, the results are reasonably consistent between
studies, and a similar pattern was observed after the
French study had been excluded from the analysis.
Textile work has been consistently related to sinonasal

cancer in several studies within [7, 8, 10, 14] or outside
[3, 11–13] this pooled analysis. In some other studies no
association was observed [28–30]. Most studies were
based on job titles and involved different occupations in
the textile industry. Exposure to textile dust and to
formaldehyde had been considered as plausible etiolog-
ical agents. In the pooled analysis the ORs for textile
dust were only slightly modified after adjustment for
formaldehyde exposure. The association seems to be
limited to adenocarcinomas among women, although an
increased risk of squamous cell carcinoma was also
observed among men exposed to high levels of textile
dust. The analysis of the original data of four studies
corroborates the results. These findings are also consis-
tent with the high risk of adenocarcinoma among female
textile workers and the elevated risk of squamous cell
carcinoma for men who had worked as fiber preparers
observed in a previous analysis of this dataset [15]. The
difference observed between men and women might be
explained by exposure to different types of textile fibers.
The role of exposure to cotton dust had been previously
postulated [10, 31]. The nature of textile fibers was
available in four studies, but no specific effect of a
particular type of textile was found.
An increased risk of squamous cell carcinoma was

observed among men with a high cumulative exposure
to asbestos. This association has not been reported
previously. In the few case–control studies that evalu-
ated the risk associated with exposure to asbestos, no
significant association was found [30, 32], but the level
of exposure to asbestos and the histologic type were not
taken into account. No consistent suggestion of an
increased risk of sinonasal cancer can be derived from
the studies of workers exposed to asbestos in mining,
asbestos product manufacture, and insulation [33].
However, the expected number of sinonasal cancer
deaths in most of these studies was very small, hamper-
ing the detection of a small excess risk.
In the present analysis, although the highest ORs were

observed for the highest probability and cumulative
level of exposure, there was no obvious dose–response
pattern with these exposure variables, or with the
maximum level or duration of exposure. Exposure to
mineral wools was not associated with sinonasal cancer.
The number of subjects exposed to other types of
MMVF was too small to provide meaningful results.
The association between silica and adenocarcinoma

among women was based on small numbers, and may be

due to chance. No such association was found among
men. An association between silica dust and nasal
cancer of all histologic types had been reported in one
study [30]. Other occupational exposures of a-priori
interest (flour dust and coal dust) were not related to the
risk of sinonasal cancer in the pooled analysis.
Several limitations should be taken into consideration

when interpreting these results. The most important is
that occupational exposures were assessed with a JEM,
and were based only on job titles, without information
about actual working conditions. Misclassification of
exposure is then likely to have occurred. However, it can
be assumed that subjects reported occupational histories
without knowledge of the hypotheses under consider-
ation; therefore assessment of exposures was independent
of case/control status. Such non-differential misclassifi-
cation will in most cases introduce a conservative bias,
and is of particular concern for null results. Further-
more, the JEM was developed by experts with extensive
experience in assessing these occupational exposures in
epidemiologic studies. The fact that the JEM and the
original evaluations of exposure, when available, pro-
vided similar results also strengthens the reliability of
the JEM.
Even with an overall large number of subjects, several

analyses were limited by the small number of cases in
some subgroups, and no conclusive evidence could be
provided on the effect of several exposures. Despite
these limitations, this pooled analysis contributed new
information on occupational risk factors for sinonasal
cancer, and was substantially more informative than the
individual participating studies.
In conclusion, results from this pooled analysis are

consistent with the hypothesis that occupational expo-
sure to formaldehyde increases the risk of sinonasal
cancer, particularly for adenocarcinoma. The results
also indicate an elevated risk of adenocarcinoma among
women exposed to textile dust, and suggest that expo-
sure to asbestos may increase the risk of squamous cell
carcinoma.

Acknowledgements

The work reported in this paper was funded by grants of
the Commission of the European Union, Directorate
General for Employment, Industrial Relations, and
Social Affairs (Contract Nos 91-CV-V-E2015 and 92-
CV-V-E2001-0), Biomedical and Health Research Pro-
gramme (Contract No. BMH1-CT93-1158). Paul A.
Demers partially worked on this project at the Interna-
tional Agency for Research on Cancer during the tenure
of a Research Training Fellowship.

156 D. Luce et al.



References

1. International Agency for Research on Cancer (1995) Wood Dust

and Formaldehyde. IARC Monogr Eval Carcinog Risks Hum, Vol

62. Lyon: IARC.

2. Pippard EC, Acheson ED (1985) The mortality of boot and shoe

makers, with special reference to cancer. Scand J Work Environ

Health 11: 249–255.

3. Olsen JH (1988) Occupational risks of sinonasal cancer in

Denmark. Br J Ind Med 45: 329–335.

4. International Agency for Research on Cancer (1987) Leather

industries: boot and shoe manufacture and repair. In: Overall

evaluations of carcinogenicity: an updating of IARC Monographs

volumes 1 to 42. IARC Monogr Eval Carcinog Risks Hum, Suppl.

7. Lyon: IARC, pp. 232–235.

5. Andersen A, Barlow L, Engeland A, Kjaerheim K, Lynge E,

Pukkala E (1999) Work-related cancer in the Nordic countries.

Scand J Work Environ Health 25 (Suppl. 2): 1–116.

6. Cecchi F, Buiatti E, Kriebel D, Nastasi L, Santucci M (1980)

Adenocarcinoma of the nose and paranasal sinuses in shoemakers

and woodworkers in the province of Florence, Italy (1963–77).

Br J Ind Med 37: 222–225.

7. Comba P, Barbieri PG, Battista G, et al. (1992) Cancer of the nose

and paranasal sinuses in the metal industry: a case–control study.

Br J Ind Med 49: 193–196.

8. Comba P, Battista G, Belli S, et al. (1992) A case–control study of

cancer of the nose and paranasal sinuses and occupational

exposures. Am J Ind Med 22: 511–520.

9. Merler E, Baldasseroni A, Laria R, et al. (1986) On the causal

association between exposure to leather dust and nasal cancer:

further evidence from a case–control study. Br J IndMed 43: 91–95.

10. Brinton LA, Blot WJ, Fraumeni JFJ (1985) Nasal cancer in the

textile and clothing industries. Br J Ind Med 42: 469–474.

11. Acheson ED, Cowdell RH, Rang EH (1981) Nasal cancer in

England and Wales: an occupational survey. Br J Ind Med 38: 218–

224.

12. Malker HS, McLaughlin JK, Blott WJ, et al. (1986) Nasal cancer

and occupation in Sweden, 1961–1979. Am J Ind Med 9: 477–485.

13. Ng TP (1986) A case–referent study of cancer of the nasal cavity

and sinuses in Hong Kong. Int J Epidemiol 15: 171–175.

14. Luce D, Gerin M, Morcet JF, Leclerc A (1997) Sinonasal cancer

and occupational exposure to textile dust. Am J Ind Med 32: 205–

210.

15. Leclerc A, Luce D, Demers PA, et al. (1997) Sinonasal cancer and

occupation. Results from the reanalysis of twelve case–control

studies. Am J Ind Med 31: 153–165.

16. Luce D, Leclerc A, Morcet JF, et al. (1992) Occupational risk

factors for sinonasal cancer: a case–control study in France. Am J

Ind Med 21: 163–175.

17. International Agency for Research on Cancer (1990) Chromium,

Nickel and Welding. IARC Monogr Eval Carcinog Risks Hum,

Vol. 49. Lyon: IARC.

18. Hayes RB, Raatgever JW, de Bruyn A, Gerin M (1986) Cancer of

the nasal cavity and paranasal sinuses, and formaldehyde expo-

sure. Int J Cancer 37: 487–492.

19. Olsen JH, Asnaes S (1986) Formaldehyde and the risk of

squamous cell carcinoma of the sinonasal cavities. Br J Ind Med

43: 769–774.

20. Parkin DM, Whelan SL, Ferlay L, Raymond L, Young J, eds.

(1997) Cancer Incidence in Five Continents, Vol. VII. IARC

Scientific Publications No. 143. Lyon: IARC.

21. Roush GC (1996) Cancers of the nasal cavity and paranasal

sinuses. In: Schottenfeld D, Fraumeni JFJ, eds. Cancer Epidem-

iology and Prevention. New York: Oxford University Press, pp.

587–602.

22. Demers PA, Kogevinas M, Boffetta P, et al. (1995) Wood dust and

sino-nasal cancer: pooled reanalysis of twelve case–control studies.

Am J Ind Med 28: 151–166.

23. ’t Mannetje A, Kogevinas M, Luce D, et al. (1999) Sinonasal

cancer, occupation, and tobacco smoking in European women and

men. Am J Ind Med 36: 101–107.

24. Demers PA, Boffetta P (1998) Cancer Risk from Occupational

Exposure to Wood Dust: a pooled analysis of epidemiological

studies. IARC Technical report No. 30. Lyon: IARC.

25. Vaughan TL, Strader C, Davis S, Daling JR (1986) Formaldehyde

and cancers of the pharynx, sinus and nasal cavity: I. Occupational

exposures. Int J Cancer 38: 677–683.

26. Luce D, Gerin M, Leclerc A, Morcet JF, Brugere J, Goldberg M

(1993) Sinonasal cancer and occupational exposure to formalde-

hyde and other substances. Int J Cancer 53: 224–231.

27. Roush GC, Walrath J, Stayner LT, Kaplan SA, Flannery JT, Blair

A (1987) Nasopharyngeal cancer, sinonasal cancer, and occupa-

tions related to formaldehyde: a case–control study. J Natl Cancer

Inst 79: 1221–1224.

28. Magnani C, Comba P, Ferraris F, Ivaldi C, Meneghin M,

Terracini B (1993) A case–control study of carcinomas of the

nose and paranasal sinuses in the woolen textile manufacturing

industry. Arch Environ Health 48: 94–97.

29. Hayes RB, Gerin M, Raatgever JW, de Bruyn A (1986) Wood-

related occupations, wood dust exposure, and sinonasal cancer.

Am J Epidemiol 124: 569–577.

30. Zheng W, Blot WJ, Shu XO, et al. (1992) A population-based

case–control study of cancers of the nasal cavity and paranasal

sinuses in Shanghai. Int J Cancer 52: 557–561.

31. Acheson ED, Cowdell RH, Rang E (1972) Adenocarcinoma of the

nasal cavity and sinuses in England and Wales. Br J Ind Med 29:

21–30.

32. Hernberg S, Westerholm P, Schultz-Larsen K, et al. (1983) Nasal

and sinonasal cancer. Connection with occupational exposures in

Denmark, Finland and Sweden. Scand J Work Environ Health 9:

315–326.

33. International Agency for Research on Cancer (1987) Asbestos. In:

Overall evaluations of carcinogenicity: an updating of IARC

Monographs volumes 1 to 42. IARC Monogr Eval Carcinog Risks

Hum, Suppl. 7. Lyon: IARC, pp. 106–116.

34. Leclerc A, Martinez CM, Gerin M, Luce D, Brugere J (1994)

Sinonasal cancer and wood dust exposure: results from a case–

control study. Am J Epidemiol 140: 340–349.

35. Bolm-Audorff U, Vogel C, Woitowitz H (1990) Occupation and

smoking as risk factors of nasal and nasopharyngeal cancer. In:

Sakurai Hea, ed. Occupational Epidemiology. New York: Elsevier

Science Publishers, pp. 71–74.

36. Hardell L, Johansson B, Axelson O (1982) Epidemiological study

of nasal and nasopharyngeal cancer and their relation to phenoxy

acid or chlorophenol exposure. Am J Ind Med 3: 247–257.

37. Vaughan TL (1989) Occupation and squamous cell cancers of the

pharynx and sinonasal cavity. Am J Ind Med 16: 493–510.

38. Vaughan TL, Davis S (1991) Wood dust exposure and squamous

cell cancers of the upper respiratory tract. Am J Epidemiol 133:

560–564.

39. Brinton LA, Blot WJ, Becker JA, et al. (1984) A case–control

study of cancers of the nasal cavity and paranasal sinuses. Am J

Epidemiol 119: 896–906.

Sinonasal cancer and occupational exposures 157


